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AMENDMENT TO THE SPECIFICATION 

Please delete paragraph [0005] and replace with the following: 

[0005] Recently, hand-held reading units have been developed that typically provide a data 
collection unit attached to the consumer's utility meter having some form of data transmitter. 
The unit or system has some form of receiver. There are different variations in methodology of 
receiving the data. One methodology of hand-held "local" collecting meter reading requires an 
operator having a meter or collection unit interrogation device to be in close physical proximity 
of the meter to obtain the meter reading and transport the data to a central computer such as 
shown in U.S. Patent No. 5,559,894 by Lubliner et al. titled "Automated Meter Inspection and 
Reading" and U.S. Patent No. 5,856,791 by Gray et al. titled "Port Expander For Utility Meter 
Reading." For example, in a radio drive-by or walk-by unit, a utility service vehicle having a 
mobile receiver mounted in a service vehicle or a utility wetfe -worker having a hand-held unit 
passes by the consumer's facility to receive the data from the meter. As the vehicle or hand-held 
unit passes near the electric meter, the receiver emits a signal to the collection unit, which causes 
the collection unit to transmit or send its meter reading data to the receiver. This consumption 
data is then stored and later entered into a billing system. This approach, however, still requires 
the manual visit to each meter location and time downloading the data to the billing system. 
Nevertheless, the physical meters can be read much more quickly which reduces manpower, 
vehicular, and soft costs. Also, the data is transferred from the mobile receiver to the database, 
which again reduces manpower and data handling. This methodology also has a benefit to the 
customer of preventing intrusion into the customer's premises and improved accuracy of the 
reading. Remaining system negatives, however, included prohibitive capital costs, i.e., vehicles, 
and software and hardware requirements, and providing a reliable and cost-effective power 
solution for the individual radio transmitter in the individual meters. 

Please delete paragraph [0006] and replace with the following: 

[0006] Recently, automatic meter reading ("AMR") has been developed. Automated meter 
reading has become more desirable than using meters that require manual reading and recording 
of the consumption levels. AMR consists of technologies and methods to remotely read a 
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plurality of electric meters, such as a consumer base for an electric power supply company, into a 
billing database by installing or utilizing fixed networks that allow billing or meter usage data to 
be transmitted without human intervention to a host computer having the billing database. AMR 
produces many benefits and several companies such as Himt Technologies, Schlumberger, 
CellNet, Itron, Amco Automated Systems, and Distribution Control Systems have developed 
AMR units. For the utility, reading meters without setting foot on customer's property 
substantially reduces risks associated with climbing over fences, slipping on ice and snow, 
dangerous animals, snakes, and spiders, and other types of risks which in turn, result in 
significant savings in liability insurance, disability benefits, and worker tumover/replacement. 
For the customer, reading meters without entering a^customer's property provides a less intrusive 
service and reduces criminal activity such as when a criminal manages to gain entry into a 
customers property by posing as a meter reader. Moreover, the need for a higher frequency of 
meter reading is increasing, e.g., daily, hourly, or every 15 minutes^ in order to take advantage of 
real time pricing. Also, the amount of data is increasing, due to the necessity to bill on more than 
just consumption, e.g., time of use. Thus, automated recording and reporting of the utility usage 
at customer sites is rapidly replacing the manually read utility meters. 

Please delete paragraph [0007] and replace with the following: 

[0007] AMR syst e m uses systems can use a dial-up modem in the collection unit to dial a remote 
billing system and transmit its reading data via telephone lines such as that shown in U.S. Patent 
No. 6,163,602 by Hammond et al. titled "System and Method for Unified Telephone and Utility 
Consumption Metering, Reading, and Processing" and U.S. Patent No. 5,128,988 by Cowell et 
al. titled "Telephone Switched Network, Automatic Meter-Reading System Based Upon Service 
Address." In the past, there ha&- have been on-site meter reading equipment having a_modem 
capability capable of receiving telephone calls from a central office through the use of special 
equipment located at the telephone company, and there have also been on-site meters with 
modems which were capable of placing telephone calls to the central office. In general, these 
systems incorporate an auto-dial, auto-answer modem in each customer site to receive 
interrogation signals from the telephone line and to formulate and transmit meter readings via the 
telephone line to the utility company. These systems record information on utility usage and 
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periodically dial into a central office to report the utility usage for recording and billing purposes. 
This methodology provides two-way communication and control between the meter and the 
central office. The modem shares the telephone line with the customer's normal usage, such as 
incoming and outgoing voice communications. Such sharing requires that the system be able to 
recognize when the telephone line is in use, and to delay demanding use of the telephone line 
xrntil it is free. Steps must be taken to prevent the data communications system from interfering 
with other uses and to prevent other uses fi:om corrupting the transmitted data. 

Please delete paragraph [0009] and replace with the following: 

[0009] Another problem with expanding the use of control systems technology to such 
distributed systems are the costs associated with the sensor-actuator infrastructure required to 
monitor and control functions within such systems. A more modem approach to implementing 
control system technology is to install a local network of hard- wired sensors and actuators along 
v^th a local controller. Not only is there the expense associated with developing and installing 
appropriate sensors and actuators^ but there is t he added expense of connecting functional 
sensors and controllers with the local controller; and the cost of the local controller. This 
methodology is also quite intrusive as the cables must be run to physically interconnect the 
various nodes in the network. An alternative variation includes interfacing the meter with a 
community cable television system. In addition to the high cost of installation, however, such a 
system is not useable in areas without access to a cable system. Moreover, networks that are 
interconnected with cables are subject to physical disruption of the cables. 

Please delete paragraph [0013] and replace with the following: 

[0013] Further AMR servers have been developed, such as shown in U.S. Patent No. 6,088,659 
by Kelley et al. titled "Automated Meter Reading System," in attempts to address the metering 
data management needs of entities involved in energy distribution. Such AMR servers use an 
open, distributed architecture that collects, loads, and manages system-wide data collected from 
energy meters and routes data automatically to upstream business systems. Although such AMR 
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servers may address some meter data management concerns, these systems still fail to address 
communication concerns set fet^-fe eforth above with respect to collecting billing or usage data 
and transmitting the data to a control center, e.g., perhaps having an AMR server. 

Please delete paragraph [0019] and replace with the following: 

[0019] Functionally, data is acquired from the sensor interfaced with its respective individual 
meter. Data is obtained by the collector, from the meter sensor, where it is temporarily stored. 
In an embodiment, all metering data is date and time stamped to provide an accurate record of 
the read. Typically and functionally this data is then forwarded directly to the control center or a 
substation if within range and not blocked or impeded by a physical structure or other obstacle. 
If the collector is not within range, the data is forwarded to another collector associated with a 
location closer to the control center or a substation, to an intermediate collector, to be forwarded 
to the control center or substation. In essence, the network structure turns every collector into an 
individual network node capable of transmitting its respective meter indication data from either 
"nodes." Thus, an embodiment of the present invention advantageously provides a self-healing 
network having minimal infrastructure that significantly reduces line-of-site issues whereby a 
physical structure may block the transmission of an individual collector. Advantageously an 
embodiment of the present invention also allows for scalability as the addition of a new collector 
at a new location that is merely tantamount to adding an additional "node" to the network. In the 
preferred implementation, however, the network node level between the various nodes and either 
the control center or a substation can be limited to 15. Advantageously the system provides for 
both passive and dynamic execution of a meter read. Although the control center can prompt for 
an additional read if greater delay accuracy is required, the collector can send a current read to 
the control center every 1 5 minutes. 

Please delete paragraph [0040] and replace with the following: 

[0040] FIG. 14 is a flow diagram of the control write state of a collector according to an 
embodiment of the present invention; and 
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Please delete paragraph [0041] and replace with the following: 

[0041] FIG. 15A-15EG are tables of an embodiment of a frequency list for transmit and receive 
settings according to an embodiment of the present invention. 

Please delete paragraph [0043] and replace with the following: 

[0043] As illustrated in FIGS. 1-1 5E, an embodiment of the present invention provides a 
distributed network system 30 including a multifunction collector or controlle r 41, a utility meter 
e.g., electric 72. water 74, gas 76, or other usage , and an at least one senso r (not shown) , e.g., an 
encoder, interfaced with the meter. The sensor is positioned in electrical communication with 
the collector 41 in order to provide a meter usage reading data. The system 30 also includes a 
remote control center 60 for gathering and processing the usage reading data. The system 30 
also includes system software. Preferably, the system software has network software including a 
network protocol (preferably an application layer protocol, described below) for communicating 
over a network e.g. mesh network 32 (FIGS. 1 and 6) connected to each of a plurality of 
controllers 41, if desired, and at least one sensor. The network software is preferably capable of 
querying at least one collector 41 and assigning the at least one collector 41 a physical location 
based on the actual physical location with reference to the other collectors 41 or "nodes" within a 
network. 

Please replace paragraph [0044] and replace with the following: 

[0044] As shown in FIGS. 3-64, the collector unit 41 g athers a usage reading from the at least 
one sensor and transmits the data to and receives instructions from the remote control center 60. 
The muhifunction collector 41 (FIG. 9) includes a power module_42, a controller 43, a telemetry 
module 44, a memory module 45, a multiple input connection block 46, and a housing 47 
preferably meeting NEMA standards to enclose the unit. In an embodiment of the present 
invention, the multiple input connection block 46 advantageously can include input/output 
expressions modules or ports capable of accepting either digital or analog input. In embodiments 
of the collector, the sensor can be tailored to the specific type of meter to be read. For example. 
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as understood by those skilled in the art, regarding a water mete r 74, the sensor or the collector 
41, itself, can be attached at the same point #tat-as the outside dial attaches. For the gas meter 76 
and steam mete r (not shownX a pulse initiator can be added to the respective meter to digitize the 
usage. _For the electric meter 72, a pulse board can be added. 

Please delete paragraph [0045] and replace with the following: 

[0045] In an embodiment of a system, such as shown in FIG. 5, the system 30 uses frequency 
hopping radio frequency (RF) electromagnetic radiation as understood by those skilled in the art. 
Use of an RF based network reduces data transmission cost, is flexible, and has low deployment 
costs. In an embodiment of a system, the system uses low-power RF transmissions. In a 
medium-range embodiment, the range between collectors 41 and the control center 60 fe^^r 
associated substations 50 can be between 500-1500 meters. In a long-range embodiment, that 
distance can be between 2000-6000 meters. In an embodiment of a collector 41, the collector 41 
is powered through a connection to the electric utility meter 72. Another embodiment for 
powering the collector 41 includes the use of a cable having an electrical outlet interface. An 
altemative embodiment for powering the collector 41 includes use of batteries. 

Please delete paragraph [0046] and replace with the following: 

[0046] As shown in FIGS. 3-4, functionally, data is acquired from the sensor interfaced with its 
respective individual meter. Data is obtained by the collecto r 41, from the meter sensor, where it 
is temporarily stored. All metering data can be date and time stamped to provide an accurate 
record of the read. As shown in FIG. 5, typically and functionally, this data is then forwarded 
directly to the remote control center 60 or a substation 50 if within range and not blocked or 
impeded by a physical structure or other obstacles. 
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Please delete paragraph [0047] and replace with the following: 

[0047] The collecto r 4L as shown in FIG. 4 and as described herein, can have the following 
features: 

Functional Specifications: 

power source: 5VDC or 120, 240V AC transformer 
tamper detection: meter removal, outage detection 
operating temperatures: -40°to+85°C 

operating humidity: 5 to 95% non-condensing relative humidity 

FCC Compliance: Part 1 5 certified 

Certification: ANSI C12 Standards 
Operation Specifications: 
Radio Module: 

Transmit and receive frequency: 902-928 MHz 

CRC error checking on every message 
Base Board 

Discrete Inputs (4 pt.) Optically isolated 5VDC 

Five I/O expansion modules 
Physical Specifications 

ABS plastic housing UL-94-0 

10"HX10"WX5"D 

Pole or wall mountable 
I/O Expansion Modules 

Discrete input (4 pt.) optically isolated 5VDC 

Discrete input (4 pt.) optically isolated 12VDC 

Discrete input (4 pt.) optically isolated 24VDC 

Discrete input (2 pt.) optically isolated 5VDC 

Discrete input (2 pt.) optically isolated 12VDC 

Discrete input (2 pt.) optically isolated 24VDC 

Discrete output (4 pt.) relay I2-280VAC 5A 

Discrete output (4 pt.) relay 0-60VpC 5A 

Discrete output (4 pt.) relay 0-60VDC lOA 

Discrete output (2 pt.) relay 12-280 VAC 5 A 

Discrete output (2 pt.) relay 0-60VDC 5A 

Discrete output (2 pt.) relay 0-60VDC lOA 

Analog input (4 pt.) 4-20mA 
Telemetry Modules 

RS-232 Module, DB9, DCE 

RS-485 Module 
Memory Module 

48K Memory module 
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Please delete paragraph [0048] and replace with the following: 

[0048] If the collector 41 is not within range, the data is forwarded to another collector 41 
associated with a location closer to the control center 60 or a substation 50 meter, to an 
intermediate collecto r 34, 35 (see FIGS, 7 and 8) . to be forwarded to the control center 60 or 
substation 50. In essence, the network structure turns every collector into an individual network 
node capable of transmitting its respective meter indication data and transmitting meter 
indication data from othere ithef "nodes." Thus^ an embodiment of the present invention provides 
a self-healing network having minimal infrastructure that alleviates a line-of-site issue whereby a 
physical structure may block the transmission of an individual collector 41. An embodiment of 
the present invention also allows for scalability as the addition of a new collector 41 at a new 
location that is merely tantamount to adding an additional "node" to the network 32, In an 
implementation, however, the network node level between the various nodes and either the 
control center 60__or a substation 50 can be limited to a preselected number, such as 15. The 
system 30 provides for both passive and dynamic execution of a meter read. In an embodiment, 
the collector 41 sends a current read to the control center 60 or substation 50 every 15 minutes, 
although the control center 60 can prompt for an additional read if greater than 15 minutes delay 
accuracy is required. 

Please delete paragraph [0049] and replace with the following: 

[0049] The system control center 60 further includes at least one computer svstem 6L e.g., a 
server, including a processor to store, process, and manipulate data gathered by the collectors 41 
and transmitted to the substation 50 or svstemf emete control center 60. The computer e entFol 
system 61_correspondingly includes at least one data storage medium (not shown) to provide for 
meter record storage and retrieval. The data storage medium is adapted to interface with 
software for storing and updating a database (the database includes a table(s) to assign the at 
least one collector physical address and assign various usage data). The usage data is compared 
to a temporal usage rate to formulate and store with the meter data to a record of consumption 
totals. 
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Please delete paragraph [0050] and replace with the following: 

[0050] The computer system 61 also provides various functions of the utility's control center 60 
with the meter data. For a billing office, for example, accurate timely data insures efficient 
monthly consumption billing on a customer-requested date. For a customer service department, 
for example, the collection of daily metering data enables the utility to efficiently manage final 
reads and switching as well as customer complaints without the expense of dispatching someone 
to the field to re-read the meter. For a scheduling department, daily reads on all the meters in the 
service territory significantly improves load-forecasting accuracy. For a loss management 
department, the collection of tamper status information on a daily basis enables quick 
identification and resolution of energy theft. For a marketing department, for example, daily 
reads allow targeting and delivery of new rates or selectable billing dates to specific customers. 
Daily reads on a customer that has multiple meters in multiple locations also enables delivery of 
aggregated billing service, or same-day billing services for all its locations. For an 
engineering/distribution planning department, daily data collection provides an accurate, 
continually updated picture of daily load that can be isolated to a specific area, enabling optimum 
eflBciency and system planning, outage management, equipment installation, and maintenance. 
Additionally, fi-equent data collection of actual usage can be compared to estimating usage, 
which enables quick and efficient reconciliation and settlements between utilities, generators, 
energy service providers (ESPs), and power exchanges. For an end customer, access to daily 
usage information increases customer satisfaction by enabling more efficient management of 
energy usage and predicting energy expenditures more accurately. 

Please delete paragraph [0051] and replace with the following: 

[0051] An embodiment of the system 30 and system software provides for a customer an 
increased understanding of its usage patterns. This understanding enables the proper selection of 
rate options, supplier choices, aggregation and balk purchasing opportunities and efficient 
forecasting and settlements. The system 30 also advantageously provides for power outage 
notification and restoration notification. Additionally, the system 30 provides for billing options 
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such as selectable billing dates, selectable billing frequencies, and on-demand billing, which are 
not cost-efficient when using manual reading of the meter. 

Please delete paragraph [0052] and replace with the following: 

[0052] An embodiment of the system 30 and system software provides for the utility increased 
distribution effectiveness including improved facilities and infrastructure planning, maintenance 
improvements, improved system reliability, operational efficiencies, improved customer service, 
outage detection, forecasting and settlements, and load balancing and planning. The system 
software also advantageously provides for data warehousing and data mining, historical patterns 
and expectations analysis, analysis for new rates structures, and services bundling such as 
aggregation of billing to an individual customer, outage detection monitoring, and Internet access 
to the data. 

Please delete paragraph [0053] and replace with the foUov^ng: 

[0053] An embodiment of the system 30 and system software additionally benefit the utility by 
providing cost savings on regular "on-cycle" meter readings, the ability to obtain more easily 
(instantly) final meter reads for opening/closing accounts, streamlined high bill investigations, 
the ability to flag potential high consumption before consumers get a high bill, help in 
pinpointing system losses and detect theft ofis service. Additionally, the system 30 and system 
software also advantageously enable more frequent reads with minimal incremental cost, enable 
custom billing dates, support customized rates for large customers, provide detailed consumption 
information to customers to provide watchdog services, like leakage monitoring, improved cash 
flow management due to a reduction in bill contests, improved revenue forecasting by tying 
detailed consumption information to production data and expected billings, enable more 
sophisticated rates, and reduce billing adjustments. 
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Please delete paragraph [0054] and replace with the following: 

[0054] The system 30 and system software of the present invention also provide for reduced 
capital costs due to the reduced number of vehicles necessary to physically service the meters, 
labor savings including the reduction in staff hours for meter reading and meter reading-related 
customer service, savings on vehicles and miscellaneous costs associated with meter reading, and 
provide for increased revenues from reducing system losses or replacing older inaccurate meters. 
Also, an embodiment a system 30 provides the utility company with the ability for "back-end" 
billing and accounting software to bundle with the collector and associated system software to 
provide a gathering, transmission, billing, collection and reporting solution. 

Please delete paragraph [0055] and replace with the following: 

[0055] In the preferred embodiment of the present invention, the network software associated 
with a server 61 and associated with each collector 4Lin the system 30 can include a preselected 
protocol, such as an application layer protocol positioned at level 7 of an OSI model as 
understood by those skilled in the art, which provides communication between devices 
connected on different types of buses or networks. This software, for example, can allow 
collectors to communicate with each other and a server or substation. The preselected protocol 
can be a request/reply protocol and offers services specified by message type. 

Please delete paragraph [0056] and replace with the following: 

[0056] A preselected protocol message packet is built by a master application that initiates a 
preselected transaction. The message type indicates to the slave application what kind of action 
to perform. The size of the preselected protocol message packet is device dependent and can 
have a maximum of 256 bytes. In an embodimen t of the present invention, the preselected 
protocol uses a focused representation for addresses and data items. This focus, for example, can 
occur such as when a numerical quantity larger than a single byte is transmitted, the most 
significant byte is sent first. 
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Please delete paragraph [0068] and replace with the following: 
[0068] The Control exception codes can include the following: 





■MiMIIIMIIifBt. 


Name Meaning 


•0x00, '^v. 


ILLEGAL FUNCTION The requested operation to perform on the 

referenced data tvpe is not supported support 
by the end device or not permitted due to 
security level access. 




ILLEGAL DATA TYPE The data type received in the query is not an 

allowable type for the slave device. 




ILLEGAL DATA INDEX The data index received in the query is not an 

allowable index for the slave device. 




ILLEGAL DATA VALUE The value contained in the query data field is 

not an allowable value for the slave device. 


10x04 


SLAVE DEVICE BUSY The slave device is engaged in processing a 

long-duration program command. The master 
device should retransmit the message later 
when the slave device is free. 


^0x05 .j. 


SLAVE DEVICE An unrecoverable error occurred while the 
FAILURE slave device was attempting to perform the 

requested action. 



Please delete paragraph [0069] and replace with the following: 

[0069] As shown in FIGS. 136-147, in an embodiment, the control message type includes a 
control read and a control write message type. The control read message type is used to read 
data registers from a slave device. Read access to data registers is dependent upon security level 



as defined as follows: 



Control Data*^ 












^ Cc^^^^^e^^^^pn^ , 










Discrete Input 


Byte 


0x00-0x03 




Oxom^KKi 


Discrete fe^Output 


Byte 


0x00-0x03 




40x02 -■■r-*^^" 


Analog Input 


Unsigned Integer 


0x00-0x03 




•'0x03- : 


Analog Output 


Unsigned Integer 


0x00-0x03 




.0x04^ ' 


Date Time 


See above 


0x02-0x03 






Counter 


Unsigned Long 


0x01-0x03 




OxO'6 ^ , - 


Reserved 








.0x0i7. 


Reserved 


'"'0x08'v.;,^./^>f^ ^ 


Reserved 










History Record 


See above 


0x01-0x03 






Event Record 


See above 


0x01-0x03 
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Please delete paragraph [0073] and replace with the following: 



[0073] As shown in FIGS. 6 7, in In an embodiment, the payload data element of the control 
write message frame includes a master and a slave. The master can include the elements of: 
I COUNTn I CTi I CIi I CVi I ... I CTn I CIn I cvTl 



where for each requested data value N, the control write message from the master must designate 
the control data type, control data index, and control data value. 



Please delete paragraph [0088] and replace with the following: 

[0088] The payload data element of the control broadcast write message frame includes a master 
and a slave. The master can include the elements of: 

CVw II 



I COUNTn | CT, | CIi | CVi I 1 CTn I CIn 



where for each requested data value N, the control broadcast write message from the master must 
designate the control data type, control data index, and control data value. 



Please delete paragraph [0090] and replace with the following: 

[0090] Embodiments of the present invention also provides an automated meter reading network 
system 30 having a plurality of utility meters each one positioned remote from the other ones of 
the plurality of utility meters , e.g.. electric 72, water 74. gas 76. or other usage (FIG. 9) . a 
plurality of sensors (not shown) interfaced v^th each of the plurality of meters so that at least one 
of the plurality of sensors interfaces with and is positioned adjacent at least one of the plurality 
of meters to^ thereby sense utility usage data from each of the plurality of meters, a 
communication network 32, a plurality of meter data collectors 41 positioned to collect utility 
usage data from each of the plurality of sensors so that at least one of the plurality of meter data 
collectors 41 is positioned adjacent at least one of the plurality of utility meters and in 
communication with at least one of the plurality of sensors which interfaces with the at least one 
of the plurality of utility meters, the plurality of meter data collectors 41 also being adapted to be 
positioned in communication with each other through the communication network 32 so that 
each of the plurality of meter data collectors 41 defines a conmiunication node 41 in the 
communication network 32 and the plurality of meter data collectors 41 defmed efmes a plurality 
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of communication nodes 41 in the networ k 32, and a host computer (e.g. primary host computer 
61) p ositioned remote from the plurality of meter data collectors 41 at a utility central station 60 
and in communication with each of the plurality of communication nodes 41 in the 
communication network 32 so that each one of the plurality of communication nodes 41 are 
adapted to communicate with other ones of the plurality of communication nodes 41_in the 
communication network 32 to thereby reduce line-of-site communication problems between each 
of the plurality of communication nodes 41 and the host computer 61. 

Please delete paragraphs [0091] through [0111] and replace with the following: 

[0091] Additionally, the system 30 can also have each of the plurality of meter data collectors 4\ 
including a collector transceiver 44 positioned to transmit data to the host computer 61 and to 
other ones of the plurality of meter data collectors 41 through the communication network 32 
and to receive data from the computer 61 and from the other ones of the plurality of meter data 
collectors 41 through the communication network 32, and a collector controller 43 positioned to 
control collecting of utility usage data and the transmitting and receiving of data to and from the 
collector transceiver 44. The host compute r 6U for example, can include a host transceiver (not 
shown) p ositioned to transmit data to and receive data from each of the plurality of 
communication nodes 41 and a host controller (not shown) p ositioned to control collecting of 
utility usage data from each of the plurality of communication nodes 4K transmitting data to 
each of the plurality of communication nodes 41 through the host transceiver, and receiving data 
from each of the plurality of communication nodes 41 through the host transceiver. Each 
collector controller 43 of the plurality of meter data collectors 41 and the host controller can 
include controller software associated with the respective controller and having a network data 
communication protocol. The network data communication protocol includes a preselected 

application layer, and the commxmication network 32 comprises a radio frequency 

communication network. The radio frequency communication network has a frequency 
acceptable to the Federal Communication Commission or other regulatory agency as desired. 
For example, the frequency can be in the range of 850-1000 mega-hertz or 2.4-5.8 giga-hertz. 
The frequency GAN -can advantageously continuously change between a plurality of different 
preselected frequencies to thereby define frequency hopping. The controller software of the host 
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controller initiates polling of the plurality of communication nodes 41 through the frequency 
hopping within the communications networ k 32. and each of the plurality of communication 
nodes 41 responds to the polling by the host computer 61. through the frequency hopping within 
the communications network 32, The network software (not shown) includes an autosequencer 
to initiate polling of the plurality of communication nodes 41 whereby each of the plurality of 
communication nodes 41 is individually attempted to be polled by the host computer 61 to 
determine a strength of communication signal between the host computer 61 and each of the 
plurality of commvmication nodes 41. Each of the plurality of communication nodes 41 also 
attempt to conamunicate with each other^ responsive to the autosequencer^ to determine a 
strength of communication signal between one of the plurality of communications nodes 41 and 
another one of the plurality of communication nodes 4K and the autosequencer fiirther 
determines a communication sequence to each of the plurality of communication nodes 4i 
responsive to the strength of communication signal between the host computer and each of the 
plurality of communication nodes and responsive to the strength of communication signal 
between each of the plurality of communication nodes 41 to define a preferred communication 
sequence path to each of the plurality of communication nodes 41 from the host computer 61. 
The autosequencer updates the preferred communication sequence path to allow the preferred 
communication sequence path to vary over time. 

[0092] The plurality of meter data collectors 41. for example, can include a first meter data 
collecto r 41. a second meter data collector 41 in communication with the first meter data 
collector 41. and a third meter data collector 41 in conmaunication with at l e ast one or both of the 
first and second meter data collectors 41. The first meter data collector 41 can be positioned 
remote from the host computer 61. to thereby have a greater signal strength than the second 
meter data collector 4Land the third meter data collector 41. The second meter data collector 41 
can be positioned remote from host computer 61. to thereby have a greater signal strength than 
the third meter data collecto r 41. and the network software fiirther includes a raking router (not 
shown) t o collect meter usage data from the first meter data collector 41 responsive to polling 
received from the host computer 61 and to rakingly collect data from each of the second and 
third meter data collectors 41 responsive to the polling so that meter usage data is collected from 
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each of the first, second, and third meter data collectors 41 responsive to polling the first meter 
data collector 41 and routed to the host computer 61, 

[0093] At least one of the plurality of meter data collectors 4Lis positioned within at least one of 
the following: the same housing as at least one of the plurality of utility meters (see e.g., FIG. 
12\ a separate housing positioned closely adjacent at least one of the plurality of utility meters, 
and a separate housing positioned closely adjacent a subset of the plurality of utility metersjsee 
e.g.. FIG. 9\ The host computer 61 further includes memory (not shown) having a meter data 
collector database (not shown) associated therewith to thereby store meter collector data 
associated with each of the plurality of meter data collectors^, the meter collector data 
including collector identification, collector physical address, and strength of signal between 
collectors 4 IG IBs. 

[0094] Also, an automated meter reading network system 30 is provided according to an 
embodiment of the present invention. The system 30 includes a plurality of sensors (not shown) 
adapted to be interfaced with each of a plurality of utility meters each positioned remote from 
another one of the plurality of utility meters e.g.. electric 72, water 74, gas 76, or other usage, so 
that at least one of the plurality of sensors interfaces with and is positioned adjacent at least one 
of the plurality of meters to thereby sense utility usage data from each of the plurality of meters, 
and a plurality of meter data collectors positioned to collect utility usage data from each of the 
plurality of sensors so that at least one of the plurality of meter data collectors is positioned in 
communication with at least one of the plurality of sensors. The plurality of meter data 
collectors 41 also is adapted to be positioned in communication with each other through the 
communication network 32 so that each of the plurality of meter data collectors 41 defines one of 
a plurality of communication nodes 41 in a communication network 32, and a host computer 61 
is positioned remote from the plurality of meter data collectors 41 and in communication with 
each of the plurality of communication nodes 41 so that each one of the plurality of 
communication nodes 41 are adapted to communicate with other ones of the plurality of 
communication nodes 41. 
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[0095] The system 30 can also have each of the plurality of meter data collectors 4i.including a 
collector transceiver 44 positioned to transmit data to the host computer 61 and to other ones of 
the plurality of meter data collectors 41 and to receive data from the computer 61 and from the 
other ones of the plurality of meter data collectors 41 and a collector controller 43 positioned to 
control collecting of utility usage data and the transmitting and receiving of data to and from the 
collector transceive r 44 . The host computer 61 includes a host transceiver (not shown) 
positioned to transmit data to and receive data from each of the plurality of communication 
nodes 41 and a host controller (not shown) p ositioned to control collecting of utility usage data 
from each of the plurality of commimication nodes 41, transmitting data to each of the plurality 
of communication nodes 41 through the host transceiver, and receiving data from each of the 
plurality of communication nodes 41 through the host transceiver. Each collector controller 43 
of the plurality of meter data collectors 41 and the host controller include controller software (not 
shown) associated with the respective controller and having a network data communication 
protocol. r-tThe network data communication protocol includes a preselected application layer, 
and the communication network 32.includes a radio frequency conraiunication network. 

[0096] The radio frequency conmiunication network has a frequency in the range of 850-1000 
mega-hertz, wherein the frequency continuously changes between a plurality of different 
preselected frequencies to thereby define frequency hopping ^, wh e r e in t The controller software 
of the host controller initiates polling of the plurality of communication nodes 41 through the 
frequency hopping within the communications networ k 32. , and wher e in e E ach of the plurality 
of communication nodes 41 r esponds to the polling by the host computer 61 t hrough the 
frequency hopping within the communications network 32. 

[0097] The network software includes an autosequencer (not shown) to initiate polling of the 
plurality of communication nodes 41 whereby each of the plurality of communication nodes 41 
is individually attempted to be polled by the host computer 61 t o determine a strength of 
communication signal between the host computer 61 and each of the plurality of communication 
nodes 41. , wh e r e in -eEach of the plurality of communication nodes 41 also attempt to 
communicate with each other responsive to the autosequencer to determine a strength of 
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communication signal between one of the plurality of communications nodes 41 and another one 
of the plurality of communication nodes 41. , and wh e r e in tT he autosequencer further determines 
a communication sequence to each of the plurality of communication nodes 41 responsive to the 
strength of communication signal between the host computer 6Land each of the plurality of 
communication nodes 41 and responsive to the strength of communication signal between each 
of the plurality of communication nodes 41 to define a preferred communication sequence path 
to each of the plurality of commimication nodes 41 firom the host compute r 61 . The 
autosequencer updates the preferred communication sequence path to allow the preferred 
communication sequence path to vary over time. 

[0098] The plurality of meter data collectors 41 can include a first meter data collector 4L a 
second meter data collector 41 in communication with the first meter data collector 41, and a 
third meter data collector 41_in communication with at least one of the first and second meter 
data collectors 41 . , wherein t The first meter data collector 41_is positioned remote from the host 
computer 6K t o thereby have a greater signal strength than the second meter data collector 41 
and the third meter data collecto r 41. . wh e r e in tT he second meter data collector 4Lis positioned 
remote from host computer 61. t o thereby have a greater signal strength than the third meter data 
collector 41. , and wh e r e in t The network software (not shown) further includes a raking router 
(not shown) to collect meter usage data from the first meter data collector 41 responsive to 
polling received firom the host compute r 61, and to rakingly collect data from each of the second 
and third meter data collectors 41 responsive to the polling so that meter usage data is collected 
from each of the first, second, and third meter data collectors 41 responsive to polling the first 
meter data collector 41 and routed to the host computer 61. At least one of the plurality of meter 
data collectors 41 coll e ctor is positioned within at least one of the following: the same housing as 
at least one of the plurality of utility meters, a separate housing positioned closely adjacent at 
least one of the plurality of utility meters, and a separate housing positioned closely adjacent a 
subset of the plurality of utility meters. The host computer 61 further includes a memory (not 
shown) h aving a meter data collector database (not shown) associated therewith to thereby store 
meter collector data associated with each of the plurality of meter data collectors_41 , the meter 
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collector data including collector identification, collector physical address, and strength of signal 
between meter data collectors 4L 

[0099] An embodiment of the present invention also provides a meter data collector 41 t o 
interface with a utility mete r, e.g.. electric 72. water 74. gas 76. or other usage . The meter data 
collector 41 includes a stationary housing 47 adapted to be mounted adjacent a utility meter, a 
sensor (not shown) p ositioned to sense meter usage data from the utility meter, a high power 
transceiver 44 associated with the housing 47 to transmit meter usage data from the meter data 
collector 41 and to receive communication remote from the stationary housing 41.in a medium to 
high range, a collector controller 43 p ositioned within the housing 47 t o control data 
communication to and from the high power transceiver 44 and to control collecting of meter 
usage data from the sensor responsive to a remote command, and a memory 45 positioned within 
the stationary housing 47 and associated with and in communication with the controller 43 to 
store data therein, the memory 45 including network software (not shown) t o communicate the 
meter usage data remotely through a communication network 32. The network software can 
include a preselected network data conununication protocol, which includes a preselected 
application layer, and the communication network 32 can be a radio frequency communication 
network. The radio frequency conmiunication network can have a frequency in the range 
acceptable to the FCC such as 850-1000 mega-hertz or 2.4 to 5.8 giga-hertz and which allows the 
frequency to continuously change between a plurality of different preselected frequencies to 
thereby define frequency hopping. A remote host computer controller (not shown) can initiate 
polling of the meter data collector through the frequency hopping within the communications 
network, and the collector controller 43 responds to the polling by the host computer controller 
through the frequency hopping within the communications network 32. 

[00100] The network software includes an autosequencer (not shown) t o initiate r e spond 
te-poUing by the host computer controller and to initiate polling of at least one of a plurality of 
communication nodes 41 w hereby each of the plurality of communication nodes 41 is 
individually attempted to be polled by the host computer 61 t o determine a strength of 
communication signal between the host computer 61 and each of the plurality of commimication 
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nodes 41. , and wh e rein e Each of the plurality of communication nodes 41 also attempt to 
communicate with each other^ responsive to the autosequencer^ to determine a strength of 
communication signal between one of the plurality of communications nodes 41 and another one 
of the plurality of communication nodes 41 t o thereby assist in determining a preferred 
communication sequence path to each of the plurality of communication nodes 4Lfrom the host 
computer 61. The autosequencer updates the preferred communication sequence path to allow 
the preferred communication sequence path to vary over time. 

[00101] As shown in FIGS. 1-15E, as described above, the present invention also includes 
various embodiments of related methods. An embodiment of a method of collecting utility meter 
usage data includes sensing meter usage data from each of a plurality of utility meters- , e.g., 
electric 72, water 74, gas 76, or other usage, p ositioned remote from each other, collecting utility 
usage data by each of a plurality of meter data collectors 41 positioned adjacent each of the 
plurality of utility meters, determining a preferred polling sequence route responsive to the 
strength of communication signal, polling each of the plurality of meter data collectors 41 by a 
host computer 61 positioned remote from the plurality of meter data collectors 41 to thereby 
determine a strength of conununication signal between the remote host computer 61 and the 
plurality of meter data collectors 41 p ositioned adjacent the plurality of utility meters, and 
transmitting meter usage data to the host computer 61 from each of the plurality of meter data 
collectors 41 along the preferred polling sequence route responsive to the polling by the host 
computer 61. The steps of polling and determining, for example, are periodically performed to 
update the preferred polling sequence route over time. The plurality of meter data collectors 41 
can include a first meter data collector 4L a second meter data collector 41 in communication 
with the first meter data collector 41, and a third meter data collector 41_in communication with 
at least one of the first and second meter data collectors 41, and the first meter data collector 41 
is positioned remote from the host computer 61, to thereby have a greater signal strength than the 
second meter data collector 41 and the third meter data collecto r 41. the second meter data 
collector 41.is positioned remote from host computer 6K t o thereby have a greater signal strength 
than the third meter data collecto r 41. 7 -md-tThe method can fiirther include rakingly collecting 
data from each of the second and third meter data collectors 41 responsive to the polling of the 
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first meter data collector 41 so that meter usage data is collected from each of the first, second, 
and third meter data collectors 41 responsive to polling the first meter data collector 41 and 
routing the rakingly collected meter usage data to the host computer 61. 

[00102] At least one of the plurality of meter data collectors 41 collector is positioned 
within at least one of the following: the same housing as at least one of the plurality of utility 
meters, a separate housing positioned closely adjacent at least one of the plurality of utility 
meters, and a separate housing positioned closely adjacent a subset of the plurality of utility 
meters. The host computerjSJL can include a memory (not shown) h aving a meter data collector 
database (not shown) associated therewith to thereby store meter collector data associated with 
each of the plurality of meter data collectors 41, the meter collector data including collector 
identification, collector physical address, and strength of signal between meter data collectors 41. 

[00103] An embodiment of the present invention also provides a method of monitoring a 
utility mete r, e.g., electric 72, water 74, gas 76, or other usage, moimted to a building. The 
method includes mounting a meter data collector 41 defining a remote collection unit 41 adjacent 
a utility meter mounted to a building, collecting meter data from the utility meter by the remote 
collection unit 41, transmitting the meter data to a router of a communication network service 
provide r (not shown) , transmitting the meter data through a communication network 80 
associated with the communication network service provider, and receiving the meter data from 
the communication network 80 by a computer device. The remote collection unit 41 can be a 
first remote collection uni t 41, the utility meter can be a first utility meter, and the building can 
be a first building, and the method fiirther can include mounting a second remote collection unit 
41 adjacent a second utility meter mounted to second building, collecting meter data fi-om the 
second utility meter by the second remote collection unit 41 and transmitting the meter data from 
the second utility meter by the second remote collection unit 41, and transmitting the meter data 
of the second utility meter to the first remote collection imit 41. The meter data transmitted to 
the router, for example, can include meter data firom the first and second remote collection units 
41. 
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[00104] Yet another embodiment of a method of collecting utility meter data from a 
plurality of utility meters , e.g>. electric 72, water 74, gas 76. or other usage, each mounted to a 
different building and each in commimication with a respective one of a plurality of meter data 
collectors 41 defining a plurality of remote collection units 4K is also provided. The method can 
include transmitting utility meter data from a first remote collection unit 41 of the plurality of 
utility of remote collection units 41 to a second remote collection unit 41 of the plurality of 
collection units 41, and transmitting utility meter data of the first remote collection unit 41 and 
utility meter data of the second remote collection unit 41 from the second remote collection unit 
41 to a host computer 61. The method can also include transmitting meter data from a third 
remote collection unit 41 to the first remote collection xmit 41 and wherein the utility meter data 
of the first remote collection unit 41_includes utility meter data from the third remote collection 
unit 41. 

[00105] Another embodiment of a method of collecting utility meter data includes 
positioning a meter data collector 41 defining a remote collection unit 41 having bi-directional 
RF data communication within a housing having a glass facing on at lest one side thereo f (see 
FIG. 12\ collecting utility meter data by the remote collection unit 41 positioned adjacent the 
housing, polling the remote collection unit 41 f rom a host computer 61 b y RF data 
communication through the glass facing, and transmitting the collected utility meter data from 
the remote collection unit 41 through the glass facing to the host compute r 61, responsive to the 
polling. The utility meter can include a first utility meter of a plurality of utility meters, and the 
first utility meter can be one or more of a gas utility mete r 76, an electric utility meter 72, and a 
water meter 74. A second of the plurality of utility meters can be a different one of a gas utility 
meter 76, an electric utility mete r 72, and a water utility meter 74. The step of collecting 
includes collecting utility meter data from both the first and second utility meters by the remote 
collection unit 41. 
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[00106] As shown in FIGS. 1-8, stillS tiH another embodiment of a method of collecting 
utility meter data includes positioning a plurality of meter data collectors 41 defining a plurality 
of remote collection units 41 adjacent to respective one of a plurality of utility meters. Each of 
the plurality of utility meters is mounted to a different building. The method also includes 
polling each of the plurality of remote collection units 41 from a collection computer positioned 
remote from the plurality of remote collection units 41 and transmitting meter data from each of 
the plurality of remote collection units 41 to the collection computer responsive to the polling. 
The method can also include the collection computer being a field collection unit 51, such as , for 
example, another remote collection unit 41: or the collection computer being a host computer. 
The method can further include a host computer 61 p ositioned remote from and in 
communication with the field collection uni t 51 . The method additionally can include 
transmitting the utility meter data from the field collection unit 51 to a router of a communication 
network service provider, communicating the utility meter data through a communication 
network 80 associated with the communication network service provider, and receiving the 
utility meter data by a host computer 6Lin communication with the communication network 80. 
The method still further can include a first remote collection unit 41 of the plurality of remote 
collection units 41 transmitting utility meter data to a second remote collection unit 41 of the 
plurality of remote collection units 41, the second remote collection unit 41 transmitting the 
utility meter data of the first and second remote collection units 41 to a third remote collection 
unit 41 of plurality of remote collection units 41, and the third remote collection unit 4\ 
transmitting utility meter data of the first, second, and third remote collection unit 41 to the field 
collection unit 51. 

[00107] For how each meter data collector 41 defining a remote collection unit operates, 
the device hardware, e.g., silicon integrated circuit such as Dallas Semiconductor 
DS2401/DS2411, provides a 6-byte unique identification number. The least significant 4 bytes 
of the unique identification number are utilized to determine a selected routing source 
identification number. The least significant 1 byte of the selected routing source identification 
nxmiber determines the device default frequency index within the attached array of transmit and 
receive settings for a transceiver such as a Chipcon 1020 bi-directional transceiver as imderstood 
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by those skilled in the art. For example, as shown in FIG. 15 A. if the least significant byte of the 
selected routing source identification number were 0x00, then the corresponding defauh receive 
frequency would be 909300000 hertz (Hz). If the least significant byte of the selected routing 
source identification number were 0x001, then the corresponding default receive frequency 
would be 924200000 Hz. In this way, for example, 256 frequencies are utilized and organized in 
a pseudorandom non-repeating manner^ as illustrated in FIGS. 15A-15E. 

[00108] As understood by those skilled in the art, the host computer_61, for example, can 
have server software (not shown) t o initiate communication messages to each of the plurality of 
destination remote collection units 41. A destination remote collection unit_41 , for example, can 
be: (1) directly connected to the host computer 61; (2) connected via radio frequency from the 
remote collection unit 41 directly connected to the host computer 61, or (3) connected via radio 
frequency for up to a preselected number, e.g., 15, radio frequency repeater remote collection 
units 41 t o the remote collection imit 41 directly connected to the host computer_61 . The 
communications portion of a message protocol packet can include the routing source 
identification number, routing source radio frequency index, routing destination identification 
number, routing destination radio frequency index, routing gateway node count, and up to the 
preselected number, e.g., 15, routing gateway identification numbers and their corresponding 
radio frequency indices. The communications portion of the acknowledgement packet can 
include the routing identification number, routing source radio frequency index, routing 
destination identification number, and routing destination radio frequency index. The routing 
source identification number identifies the remote collection unit 41 transmitting the message. 
The host server software application , for example, can keep an internal database of the remote 
collection unit identification numbers and their active radio frequency indices based upon each 
successful communication. On startup, the host server software application assigns the remote 
collection unit radio frequency index to the least significant byte of the unit unique address. The 
host server software, as understood by those skilled in the art, also can ensure non-consecutive 
identical frequency indices in any given communications path. 
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[00109] The message validation for the remote collection unit 41d eviee can use a remote 
collection xmit identification number to equal either the routing destination identification number 
or the first routing gateway identification number. The unit acknowledgment message validation 
can use the unit identification number to equal the routing destination identification number. 
Additional communication packet validation criteria include message sequence number, message 
type, and CRC calculations. Upon receipt of a valid message, the receiving remote collection 
unit 41 will increment/alter its radio frequency index and transmit an acknowledge packet to the 
received packet routing source identification number at the current radio firequency index. If the 
remote collection unit 4 1d e vice was the intended destination, then after transmitting the 
acknowledgment packet the remote collection unit 41 w ill transmit the response at the 
incremented/altered radio frequency index. If the remote collection unit 41 was an intended 
receiver, but not the message destination (see, e.g., FIG. 5), after transmitting the 
acknowledgment packet^ the remote collection unit 41 will forward the message utilizing the 
received packet first routing gateway frequency index. For example, the units 41 configured as 
receivers can shift frequencies in synchronization with the units 41 configured as transmitters as 
described above. The xmit s 4L also for example, can use the same Chipcon 1020 bi-directional 
transceivers, or other transceivers as understood by those skilled in the art, and can be configured 
such that the remote collection unit receiver input bandwidth matches the hopping channel 
bandwidth of their corresponding remote collection unit transmitter. 

[001 10] As shown in FIGS. 1-8. this¥ his fixed automated meter reading network system 
30 supports bi-directional commimications with the capability of collection of digital and analog 
input data, as well as fimctional control, via digital output relays. The remote collection unit 
platform 41 monitors data, for example, fi-om four digital inputs and two encoded inputs and 
transmits that data to a utility's central office via a 902-928 mega-hertz frequency hopping mesh 
network 32 as understood by those skilled in the art. The remote collection unit 41, for example, 
utilizes a medium to high range RF radio capable of communications of 1600 meters or 
approximately one mile and a field host unit_5i that connects the local ar e a network 32_to a 
wireless, cable, fiber, or telephony wide area network 80. Field host units 51 (also which can be 
another remote collection uni t 41) can reside at the municipality infi-astructure level such as a 
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sub-station, pump station, or municipal office 50, These intelligent units 51 have an embodiment 
of the software (not shown) of the present invention loaded and responsible for collecting 
interval data from the surrounding field 51 or remote 41 collection units then transmitting that 
data when requested by the primary host 61, located at the central office_60, in a batch format 
( see FIGS. 1 - 8) . Additional remote units 34. 35. (see FIGS. 7 and 8) can be used to bridge one 
set of remote field units 41 to another set of field units 41 otherwise not within communications 
range. 

[001 1 1] After the units 34, 35, 4K 5L are installed in the field and the primary host system 
6150 is in place, the software gathers a list of available field imit s 4L 51 . This process is 
dynamic in nature and at its conclusion would have a complete network conraiunications map 
through a conununication network 80 ready to begin the job of data collection. As a mesh 
network 32SO, each unit 41 has multiple communication paths between it and the local field host 
unit 51, e.g., supporting up to 15 links or levels in a single path. The primary host system 61 
located at the central office 60, for example, polls field units on a revolving schedule 24 hours a 
day, 7 days a week, 365/366 days a year. Metering data received at the host site 60 is then 
converted into OLE DB compatible database file formats, as understood by those skilled in the 
art, for input into existing customer information and billing systems. This system 30 and each 
remote collection unit 41, for example, allows for additional expansion of input/output as 
needed, including remote disconnect, appliance control for load curtailment, or outage detection 
to consumer value fimctions such as security, detection, or alarm notification. The system 30 can 
have a primary host 61 located at a central office 60 with connection capabilities to customer 
billing, anda field host unit -units 51 located through the city and connected to the fiber optic 
infirastructure to establish wireless communication to all available remote collection units 41. 
The field host units 51 establish the communication, request and store data, and pass the 
instructions fromfoHH the primary host 61 t o the remote collection units 41. The remote 
collection units 41, located at the consumer a customer location, such as mounted to residence 40 
or other building structure 40, can each be connected to all devices at the customer's consum e rs 
location that are required to meet the appropriate phase requirements, such as metering aspects in 
phase one, community service aspects in phase two, and so forth as understood by those skilled 
in the art. The remote collection units 41 can collect metering data firom the various meters, e.g., 
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electric 72, water 74, gas 76, or other usage. r-tThe field host unit 51 periodically p olls the 
remote collection unit 41 consum e r located at the customer location r emote collection unit e.g., 
approximately every 15 minutes, and receives a packet of information that includes I.D., 
consumption, date data-and time stamp, network stats, and other data^ as desired. The field host 
unit 51 can maintain a consumption file (not shown) of all collected data received from each 
remote collection unit 41 in its range. The primary host 61 establishes a connection with each 
field host unit 51 and downloads the consumption file, process the file, and makes ready for 
billing as understood by those skilled in the art. The RF radio of each remote collection unit 41, 
field host unit 51, and/or host computer 61 preferably is a medium to high range radio as 
understood by those skilled in the art, e.g., preferably in a range of 1 Watt or greater. The RF 
radio of the field host unit 51 can establish communications 38 to far reaching remote collection 
units 41 and rake data backj[7-e.g., see FIG. 4); or^ directly through units 4L can establish 
communication links 36 , 37. (e.g.. see FIG. 5) and also rake data back^ as desired. 
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